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dence in the open literature suggesting that we seldom know the values of properties 
with the accuracy better than 5 to 10%. 


MECHANICAL PROPERTIES 

One of the major tasks of a manufacturer in the metal industry is to produce 
the required alloy from the raw material in accordance with the specifications. 
The method of uniaxial testing, referred to in Chap. 1 in connection with the 
definition of Hooke’s law, is the most widely used in industry to determine the 
design properties of the materials. The basic uniaxial test gives the stress-strain 
curve for the material, elongation, modulus of elasticity, yield point, and ultimate 
strength. Most materials display linear stress-strain relationships, although there 
are some exceptions to this rule. 

The shape of the stress-strain curve is important is characterizing the material’s 
behavior beyond the elastic range. As indicated previously, the stress-strain curve 
can sometimes be approximated with the aid of two or more portions of straight 
line, with the bilinear stress-strain curve being the most popular in stress analysis. 

A number of materials, such as the light alloys, do not exhibit a clearly defined 
yield point. In such situations the yield point is established by the offset method. 
The amount of offset depends on the amount of preload above the limit of propor¬ 
tionality, and it can be measured in terms of the inelastic deformation obtained 
after the stage of unloading the test piece. The actual magnitude of the offset is 
derived from experience and it is often defined as 0.2%. In other words, the yield 
point is assumed to be that stress at which the material exhibits a permanent set 
of 0.2%. 

Several generic shapes of the stress-strain curves are shown in Fig. 5.1. This 
diagram illustrates the approximate differences in mechanical characteristics for 
some of the typical materials found in construction. The offset stress S y corresponds 
to the 0.2% strain where the yield point is difficult to define. The two points Y and 
Y' given in Fig. 5.1 are determined on the basis of different criteria. For instance, 
point Y represents a methodology where the stress-strain curve does not contain 
a unique yield point or the limit of proportionality. Point Y 1 on the other hand 
indicates an abrupt transition at the onset of yield such as one would expect to find 
in mild steel or a similax construction material. 

The initial portion of the stress-strain curve, as stated before, determines the 
elastic modulus shown by the line OA. The slope of this line is expressed in psi 
since strain on horizontal axis is dimensionless. The location of the yield point S y , 
such as that indicated for the alloy steel, is found by drawing the line BC parallel 
to OA. The BC line then must contain the yield point Y and the strain point C 
corresponding to 0.2% offset. This elementary but important convention is often 
used in structural design where higher-strength materials are involved or where the 
yield point transition is unknown. 

After the initial yield point is passed, an increasing stress produces further 
straining and the material undergoes the process of strain hardening. This me¬ 
chanical property is quite important. The material becomes harder and a higher 
yield point can be obtained by a number of loading cycles into the plastic range. 
However, the material has a natural limit to which it can be strain-hardened. This 
point is reached when the slope of the nominal stress-strain curve becomes zero. 



